The effects of variable viscosity and thermal conductivity on the natural convection heat transfer over a vertical plate embedded in a porous medium saturated by a nanofluid are investigated. In the nanofluid model, a gradient of nanoparticles concentration because of Brownian motion and thermophoresis forces is taken into account. The nanofluid viscosity and the thermal conductivity are assumed as a function of local nanoparticles volume fraction. The appropriate similarity variables are used to convert the governing partial differential equations into a set of highly coupled nonlinear ordinary differential equations, and then, they numerically solved using the Runge-Kutta-Fehlberg method. The practical range of non-dimensional parameters is discussed. The results show that the range of Lewis number as well as Brownian motion and thermophoresis parameters which were used in previous studies should be reconsidered. The effect of non-dimensional parameters on the boundary layer is examined. The results show that the reduced Nusselt number would increase with increase of viscosity parameter and would decrease with increase of thermal conductivity parameter.
INTRODUCTION
Due to many industrial applications, e.g. for example high performance cooling systems where energyefficient heat transfer fluids are crucial, improving the performance of cooling systems have been widely demanded by the industry. The key problem here, which has involved many researchers and engineers, is to find economically affordable ways for improving the conventional cooling systems. The challenge, though, is that the inherently low thermal conductivity of fluids is a primary limitation against developing highly efficient cooling systems. Considering high thermal conductivity of metallic solids and their oxides, the idea of dispersing solid particles in the fluid flow was developed to enhance the overall fluid conductivity. In 1881, this idea was implemented through dispersing micro and millimeter sized particles in base fluids. However, due to stability problems, sedimentation and clogging the channels, the fluids containing small scale particles did not turn out to be economic. Recently, nanofluids are proposed to resolve the latter limitation [1] . Nanofluids are synthesis by suspending nanoparticles, i.e. metallic or nonmetallic particles of nanometer dimensions, in the traditional heat transfer fluids such as water, oil, or ethylene glycol [1] . The most important characteristic of nanofluids is their high thermal conductivity relative to the base fluids, which can be achieved even at very low volume fraction of nanoparticles. The nanofluids can flow smoothly through microchannels without clogging them, because they are small enough to behave similar to liquid molecules [2] . This unique property of nanofluids in enhancement of heat transfer has attracted many researchers to investigate the heat transfer characteristics of nanofluids [3] [4] [5] . Many researchers reported that the presence of the nanoparticles in the base fluid tremendously enhances the effective thermal conductivity of the fluid and consequently enhances the heat transfer characteristics [1, [6] [7] [8] . The heat transfer enhancement of nanofluids then became a means for surpassing the limited heat transfer performance of available liquids.
Convective flow in porous media has a wide range of engineering applications, such as solar energy collectors, heat exchangers, geothermal and hydrocarbon recovery, groundwater systems for agricultural usages and flow through filtering media [9] [10] [11] [12] [13] . That is why there are numerous studies reported on convective flow in porous media.
Natural convection flow in porous media is extensively studied in the literature. For example, similarity solution of natural convection boundary layer flow along a vertical plate with variable wall temperature was investigated by Cheng and Minkowycz [14] .
They reported that the temperature and velocity profiles of a Darcy flow are identical. Likewise, the problem of free convection from a vertical plate with nonuniform surface temperature was studied by Gorla and Zinalabedini in 1987 [15] . Joshi and Gebhart [16] studied the mixed convection in porous media adjacent to a vertical uniform heat flux surface. Belhachmi et al. [17] simulated the free convection heat transfer about a vertical flat plate embedded in a porous medium. They presented some experimental results along with physical models for validating their numerical simulations.
Due to the unique thermal properties of nanofluids and their exclusive role in enhancing the heat transfer, researchers have dedicated a lot of efforts to study the influence of nanoparticles on the heat transfer of nanofluids. It is believed that several slip mechanisms are involved in the convection of nanofluids, and thus the volume fraction of nanoparticles in the nanofluid may not be uniform. The consideration of additional heat transfer mechanisms in the convective heat transfer of nanofluids was further developed by Buongiorno [18] . He discussed seven possible mechanisms, during convection of nanofluids, being inertia, Brownian diffusion, thermophoresis, diffusionphoresis, Magnus effect, fluid drainage, and gravity for particles slips. Among the investigated mechanisms, the thermophoresis and the Brownian diffusion were found to be important.
Few studies were performed in association with the natural convection of nanofluids using models including slip mechanisms. Nield and Kuznetsov [19] studied the classical Cheng-Minkowycz problem for natural convective boundary-layer flow in a porous medium saturated with a nanofluid. They found that the reduced Nusselt number is a decreasing function of both Brownian motion and thermophoresis parameters. Later, Chamkha et al. [20] presented a non-similar solution for natural convective boundary layer flow over a sphere embedded in a porous medium saturated with a nanofluid. Rashad et al. [21] investigated natural convection boundary layer of a nanofluid about a permeable vertical full cone embedded in a saturated porous medium. Moreover, natural convective boundary layer flow over a horizontal plate embedded in a porous medium saturated with a nanofluid was investigated by Gorla and Chamkha [22] . Mixed convective boundary layer flow over a vertical wedge embedded in a porous medium saturated with a nanofluid has been analyzed by Gorla et al. [13] .
In all above-mentioned studies, [13, [19] [20] [21] [22] , it was assumed that the thermal properties of the nanofluid, i.e. thermal conductivity and viscosity, are constant and no efforts have been made to study the effect of variable thermal conductivity and variable viscosity. However, it has been reported that the thermo-physical properties of nanofluids are strongly affected by volume fraction of nanoparticles [1, 23, 24] . Moreover, the appropriate range of Brownian motion parameter, thermophoresis parameter, buoyancy ratio parameter and Lewis number has not been discussed in previous researches.
In the present study, the thermal conductivity and viscosity of nanofluid are assumed to vary as a function of local nanoparticle volume fraction. Therefore, two new parameters, namely variable thermal conductivity parameter and variable viscosity parameter are introduced.
In addition, the practical range of nondimensional nanofluid parameters is discussed. The results show that the range of these parameters which has been used by previous researchers should be reconsidered. According to the author's knowledge, the influence of local volume fraction of nanoparticles on the viscosity and thermal conductivity of nanofluids has not been considered by the previous researchers.
FORMULATION OF THE PROBLEM
Consider the two-dimensional steady natural convection boundary layer flow past a vertical plate placed in a Darcy porous medium saturated with nanofluid. The plate surface is imposed to a constant temperature T w . The coordinate system is chosen such that x-axis is aligned with the flow on the surface of the plate. A schematic of the physical model and coordinate system are shown in Fig. 1 . As shown in Fig. 1 , there are three distinct boundary layers namely, hydrodynamic boundary layer, thermal boundary layer and nanoparticle concentration boundary layer. It is assumed that the nanoparticle volume fraction () at the wall surface (y  0) has a fixed value of  w . The ambient values of T and , as y tends to infinity, are denoted by T  and   , respectively. The flow in the porous medium with porosity  and permeability K is considered as Darcy flow, and the Oberbeck-Boussinesq approximation is applied. Furthermore, it is assumed that the porous medium is homogeneous and in local thermal equilibrium.
Following the work of Nield and Kuznetsov [19] and applying the standard boundary layer approximations, the steady-state conservation of total mass (Eq. (1)), momentum (Eq. (2b)), and energy (Eq. (3)) as well as conservation of nanoparticles (Eq. (4)) for nanofluids in the presence of variable properties of nanofluid (nanofluid viscosity and thermal conductivity) are as follows, Fig. 1 Schematic view and the coordinate systems utilized to model convective heat transfer past a vertical plate placed inside a homogeneous porous medium saturated with a nanofluid
1 ,
, in the above equations, is defined as:
Based on the problem description, the boundary conditions are:
In many studies [25] [26] [27] [28] [29] [30] , the viscosity and thermal conductivity of fluid were presumed to be a function of fluid temperature. In the latter studies, the fluid was considered as pure. In this study, however, a nanofluid is considered as the working fluid. The reviews of experimental reports reveal that the viscosity and thermal conductivity of nanofluids are strongly dependent on the volume fraction of nanoparticles rather than the temperature [1, 23, 24] . Therefore, the thermal conductivity and viscosity of the nanofluid are considered as a function of local volume fraction of nanoparticles. To aim this purpose, the nanofluid viscosity and thermal conductivity are assumed as a reciprocal and a linear function of local nanoparticle volume fraction, respectively. Therefore, the viscosity can be written as
Equation (8) can be further simplified as
where m  and  r given by
In Eqs. (8) and (9), ,   ,   , m  and  r are constant. In addition, the nanoparticle volume fraction-dependent thermal conductivity is introduced as
where,  w ,   and m k are constant, and m k  Nc / ( w   ). Here, Nc is the variable thermal conductivity parameter and k m, is the effective thermal conductivity of porous medium and nanofluid outside the boundary layers.
Equations (2a) and (2b) are simplified using crossdifferentiation, and the continuity equation will also be satisfied by introducing a stream function, ():
By substituting Eqs. (9), (11) and (12) in Eqs. (2b) and (3) and simplifying the resulting expression, the governing differential equations (Eqs. (1) ~ (4)) are then reduced to the following three equations,
Here, the local Rayleigh number (Ra x ) is defined as [19] ,
Kgx T T Ra
To simplify the system of governing equations (Eqs. (13) ~ (15)) subject to the boundary conditions (Eqs. (6) and (7)), the similarity variable  is defined as,
and the dimensionless similarity quantities S, f, Nv and θ as, 1 2 , , ,
Using the similarity variables, Eqs. (13) ~ (15) are reduced to the following three ordinary differential equations,
subject to the following boundary conditions,
where the non-dimensional parameters are as follow:
Here, Nr, Nb, Nt, Le, Nv and Nc denote the buoyancy ratio parameter, the Brownian motion parameter, the thermophoresis parameter, the Lewis number, the variable thermal conductivity parameter and the variable viscosity parameter, respectively. It is worth mentioning that Nv   and Nc  0 reduce the present study to the model of constant viscosity and constant thermal conductivity which was previously analyzed by Nield and Kuznetsov [19] . Furthermore, in this case (i.e. Nv   and Nc  0), Eqs. (19) and (20) 
where are in good agreement with the equations reported by Nield and Kuznetsov [19] . It is interesting that integrating Eq. (19) once results in,
where C is a constant value which comes from the integration. Using boundary conditions of Eq. (22b) shows that the value of C is zero. Moreover, it is found that by using Eq. (26a) and implementing boundary conditions of Eq. (22a), the values of nondimensional velocity on the wall as a function of Nr and Nv can be easy obtained as follow,
Equation (26b) demonstrates that the value of the non-dimensional surface velocity is only a function of the buoyancy ratio parameter Nr and variable viscosity parameter Nv. It is worth mentioning that in the case of fluid flow with constant viscosity (Nv  ), the value of non-dimensional velocity on the wall is just directly related to the buoyancy ratio parameter Nr.
The quantities of local Nusselt number (Nu x ) and local Sherwood number (Sh x ), interested in thermal engineering design of industrial equipment, are defined as [19] , , ,
Here, the quantities of q w and q m are the wall heat and mass fluxes, respectively. Using the similarity variables, the reduced Nusselt number (Nu r ) and reduced Sherwood number (Sh r )are obtained as,
Physical Range of Parameters
In order to perform a realistic analysis on the effect of non-dimensional parameters on the flow, heat and mass transfer in the boundary layer, the practical range of nanofluid parameters should be clarified. To aim this purpose, first, the practical range of physical prop-
For the water base nanofluids at room the temperature with nanoparticles of 100 nm diameters, the Brownian diffusion coefficient (D B ) ranges from 1 10 10 to 1 10 12 m 2 /s [18] . The thermophoresis coefficient (D T ) also ranges from 1 10 10 to 1 10 12 [18, 31] . The ranges of 5 to 40,  to 0.1 and 0 to 1 are considered for the temperature difference, the nanoparticle volume fraction difference and the porosity of porous medium, respectively. In order to evaluate the amount of remaining thermo-physical properties in the nanofluid parameters (i.e. (c 4 . The thermo-physical properties of the base fluids and the nanoparticles are given in Table 1 . These thermophysical properties have been previously used by Oztop and Abu-Nada [32] . Based on the Table 1 and the work of Buongiorno [18] , the thermo-physical range of parameters can be summarized in Table 2 . Now, the ranges of thermo-physical properties in the nanofluid parameters have been identified. By substituting minimum and maximum values of the thermophysical properties into definition of nanofluid parameters, Eq. (23), the practical range of these parameters is obtained and summarized in Table 3 . In the present study, we are interested in the case in which heat transfer is driving the flow rather than the mass transfer.
Therefore, the value of buoyancy-ratio parameter (Nr) is assumed very small (Nr  1).
In the literature [13, [19] [20] [21] [22] , for example, in the work of Nield and Kuznetsov [19] , Gorla et al. [13] and Gorla and Chamkha [22] , the range of 0.1 to 0.5 has been chosen for nanofluid parameters (i.e. Nb, Nt and Nr) to analyze the effect of these parameters on the boundary layer heat and mass transfer.
In addition, they [13, 19, 22] have considered the range of 1 to 1000 for Lewis number. Moreover, Chamkha et al. [20] have chosen the range of 0.1 to 0.5 for Nr, Nb and Nt and the range of 1 to 100 for Le. Rashad et al. [21] have also adopted the range of 0.1 to 0.7 for Nb, Nt, Nr and the range of 1 to 100 for Le. However, the present analysis reveals that the range of nanofluid parameters in the previous works ( [13, [19] [20] [21] [22] ) should be reconsidered.
In order to demonstrate the range of variable viscosity parameter (Nv), the range of proportionality coefficient () should be revealed. Based on Eq. (8), the value of  is dependent on the values of uniform viscosity (  ) and local viscosity (). Therefore, it is assumed that nanofluid has a uniform nanoparticles concentration (  ) that is equal to 0.05. Four different models [6] , including: Einstain, Brinkman, Batchelor and Saito, are adopted to determine the uniform viscosity (  ) and local viscosity (). The details of these models can be found in [6] . The range of local volume fraction of nanoparticles () is selected between 0 to 0.1. Then, the proportionality factor () is evaluated using curve fitting. It is found that Eq. (8), using appropriate value of , is capable to estimate the values of local viscosity as a function of local volume fraction. The proportionality coefficient () is evaluated for different nanofluids. The results show that  varies between 2.0 to 3.0.
The values of  are negative, and thereby, the values of Nv are positive. According to the Eq. (23) and the Table 1 Thermo-physical properties of base fluids, nanoparticles [32] and porous media [9] Physical properties The results show that the effect of porous medium on the effective thermal conductivity and m k is significant. The uniform nanoparticle concentration (  ) is assumed equal to 0.05, and the range of local volume fraction of nanoparticles () is selected between 0 to 0.1. Then, the proportionality factor (m k ) is evaluated using curve fitting. The results show that using the appropriate value of m k provides excellent agreement between Maxwell model and Eq. (11) for different types of porous media. Repeating the calculations for different types of nanofluids and porous media demonstrates that the m k ranges from 0 to 5. Therefore, in the present study, the parameter of Nc has been selected between 0 and 1 in order to cover the estimated range of this parameter.
NUMERICAL PROCEDURE
The system of Eqs. (19) ~ (21) subject to the boundary conditions (Eqs. (22a) and (22b)) is numerically solved using an efficient, iterative fourth-order RungeKutta-Fehlberg method starting with an initial guess. In this method, every n th -order equation is converted to n first order differential equations. Therefore, the system of high order ordinary differential equations is converted into a system of first order nonlinear differential equations. An iteration method is then applied on the latter system. A maximum relative error of 10 5 is used as the stopping criteria for the iterations. An important criterion for the success of this numerical approach is to choose an appropriate finite value of   . Thus, in order to estimate the realistic value of   , the solution process was started with initial guess value of    6. The value of   was updated and the solution process was repeated until further changes (increment) in   did not lead to any changes in the values of results or, in other words, the results are independent of the value of   . The results show that the choice of  max  10 guarantees that all numerical solutions approach to their asymptotic values.
Code Validation
The case of Nv   and Nc  0 simulates the natural convection of constant thermal conductivity and viscosity flow over an isothermal flat plate embedded in a porous medium saturated with a nanofluid which recently has been analyzed by Nield and Kuznetsov [19] . Therefore, a comparison has been done between the present results and those reported by Nield and Kuznetsov [19] in a case in which Nr  Nb  Nt  0.5, Le  10, Nc  0 and Nv  . The results of this comparison are illustrated in Fig. 2 . As seen, this figure depicts good agreement between the present results and the previous study. In the work of Cheng and Minkowycz [14] for the case of pure fluid is has been reported that the non-dimensional temperature and velocity profiles are identical; however, Fig. 2 shows that the temperature and velocity profile are not identical because of the concentration gradient.
RESULTS AND DISCUSSION
The system of equations, i.e. Eqs. (19) ~ (21), subject to the boundary conditions, i.e. Eqs. (22a) and (22b), is numerically solved for selected values of buoyancy ratio parameter, Brownian motion parameter, thermophoresis parameter, variable thermal conductivity parameter and variable viscosity parameter.
The values of reduced Nusselt number ((0)) and the values of reduced Sherwood number (ƒ(0)) are shown in Table 4 for selected combination of Nt, Nb, Nr, Nv and Nc and for two selected values of Le 1E 3 and Le 2E 3. Table 4 clearly depicts that increase of variable viscosity parameter (Nv) would increase the magnitude of reduced Nusselt and sherwood numbers for two values of Le 1E 3 and Le 2E 3. Likewise, increase of variable thermal conductivity parameter tends to decrease the magnitude of reduced Nusselt number whereas increase the magnitude of Sherwood number. This table reveals that the increase of thermophoresis parameter does not show any significant effect on the reduced Nusselt number. In addition, increase of Brownian motion parameter (or buoyancy ratio parameter) increases (or decreases) the reduced Nusselt number. Nield and Kuznetsov [19] , using curve fitting, obtained a relation between the reduced Nusselt number and nanofluid parameters (i.e. Nt, Nb and Nr) in the case of Le 10. However, the results of present study do not confirm the results which were reported by Nield and Kuznetsov [19] . Despite of present results, they found a decreasing trend for the reduced Nusselt number by increase of thermophoresis and Brownian motion parameters. This difference is due to the fact that a different physical range of parameters have been chosen in the work of Nield and Kuznetsov [19] . Table 4 shows that the most significant parameter which affects the reduced Nusselt number is the variable thermal conductivity parameter (Nc). However, the influence of other non-dimensional parameters on the reduced Nusselt number is comparatively insignificant. Therefore, it can be concluded that the heat transfer associated via diffusion of nanoparticles is negligible compared with heat transfer associated via conduction and convection.
Figures 3 and 4 depict the effect of variable viscosity parameter (Nv) on the dimensionless velocity, temperature and concentration profiles. In preparing these figures, the values of Nr, Nb, Nt, Nc and Le are kept constant. These figures illustrate that the thickness of concentration boundary layer is very small in comparison with hydrodynamic and thermal boundary layers. Therefore, the results are plotted in the logarithmic scale to clearly show the effect of variable viscosity parameter on the boundary layers. Figure 3 depicts that a rise in variable viscosity parameter increases the velocity profiles. Figure 4 shows that the concentration of nanoparticles in the vicinity of the wall significantly decreases with moving from the wall into the boundary layer. Low values of Nv indicates that the viscosity of the nanofluid is highly dependent to the Fig. 2 Comparison of present results with results of Nield and Kuznetsov [19] for temperature, velocity and concentration profiles when Nc  0 and Nv   local concentration. Therefore, the results of Fig. 3 in agreement with the concentration gradient (observed in Fig. 4) show that the velocity profiles are affected by Nv in the vicinity of the plate. However, in the areas comparatively far from the wall but inside the hydrodynamic boundary layer, the concentration reaches to the constant value of   , and variation of viscosity parameter (Nv) does not show significant effect on the velocity profiles. As seen in Fig. 3 , when the variable viscosity parameter is comparatively low (Nv  2), the velocity profile in the vicinity of the wall is obviously lower than the case of constant viscosity (Nv  ). A reason for this behavior is that decreasing the variable viscosity parameter (as seen in Fig. 4 ) would tend to increase the concentration of nanofluid in the vicinity of the wall. The presence of heavy nanoparticles decreases the buoyancy force near the wall; consequently it decreases the velocity profiles. Simultaneously, decrease of velocity leads to increase of concentration profiles. Figure 4 interestingly reveals that an increase of variable viscosity parameter does not show significant effect on the temperature profiles. Considering Eq. (26a), it can be concluded that  (Nv / (Nv f)) S ' Nr f. Hence, by the decrease of f and increase of S ', which were observed by increase of Nv in Figs. 3 and 4 , the temperature profiles tend to remain constant. Furthermore, the minimum value of dimensionless concentration occurs in the case of constant variable viscosity parameter (Nv  ) as seen in Fig. 4 . Therefore, the model of constant thermo-physical properties, i.e. constant thermal conductivity and constant viscosity, overestimates the velocity profiles and underestimates the concentration profiles. The non-dimensional profiles of velocity, temperature and concentration are shown in Fig. 5 for different values of variable thermal conductivity parameter (Nc). High values of Nc denote that the thermal conductivity is highly dependent on local nanoparticles concentration, and zero value of Nc denotes that the thermal conductivity is independent of the local nanoparticle concentration. As mentioned earlier, the results show that the thickness of concentration boundary layer is shows the ratio of the diffusion of heat (thermal diffusivity) to diffusion of nanoparticles (Brownian diffusivity). Hence, for high values of Lewis number, the thickness of thermal boundary layer is much higher than concentration boundary layer. Therefore, the results are illustrated in the logarithmic scale to obviously display the influence of variable thermal conductivity parameter on the boundary layers. In addition, the results show that the increase of variable thermal conductivity parameter increases the magnitude of velocity and temperature profiles. A reason for this behavior is that an increase of Nc would increase the thermal conductivity of the nanofluid near the wall where the local concentration of nanoparticles is comparatively high; thereby, the temperature profiles would increase. Increase of temperature increases the buoyancy force and consequently increases the velocity profiles. As mentioned before, Eq. (26a) shows that there is an obvious relation between temperature, velocity and concentration profiles. Therefore, by simultaneous increase of temperature and velocity profiles, the concentration profiles tend to remain constant which can be seen in Fig. 5 . In a comparatively wide region far from the wall but inside the hydrodynamic boundary layer, the concentration tends to the fixed value of   , and variation of Nc has not any significant influence on the velocity and temperature profiles. As shown in Fig. 5 , the increase of thermal conductivity parameter does not show significant effect on the magnitude of concentration profiles.
Figures 6 and 7 show the variation of reduced Nusselt and Sherwood numbers as a function of variable viscosity parameter (Nv) and variable thermal conductivity (Nc), respectively. These figures depict that increase of variable viscosity parameter increases the magnitude of reduced Nusselt and Sherwood numbers. However, the increase of reduced Nusselt number is negligible. By decreasing the variable viscosity parameter, nanofluid would act as a fluid with high Hence, the velocity of nanofluid would decrease; that in turn it decreases the heat transfer rate (Nu r ). In the Figs. 7 and 8 the curves are close together; therefore a magnified view of the curves is provided inside the figures. Figure 7 illustrates that the increase of variable viscosity parameter increases the magnitude of concentration gradient on the wall surface. This result is in agreement with the results of Fig. 4 and Table 4 .
Figures 6 and 7 also depict that an increase of variable conductivity parameter decreases the magnitude of reduced Nusselt number while it increases the magnitude of reduced Sherwood number. However, the augmentation of reduced Sherwood number is not significant. As mentioned, the increase of variable thermal conductivity parameter increases thermal conductivity coefficient near the wall where the local concentration of nanoparticles is high, and thus, the gradient of temperature profiles decreases. It is worth mentioning that based on Eq. (27) , h x k m,w (0)x 1 Ra x 1/2 , and hence, the local heat transfer coefficient of natural convection (h x ) not only is a function of reduced Nusselt number but also thermal conductivity. Therefore, the increase of Nc, which would simultaneously decrease Nu r and increase the thermal conductivity on the wall, produces two opposite effects on the heat transfer coefficient (h x ). Recalling Eq. (11), thermal conductivity at the wall is k m,w k m,  (1  Nc). Therefore, considering Nc 0 results in h x 0.4438k m, x 1 Ra x 1/2 and considering Nc 1 results in 0.4506k m, x 1 Ra x 1/2 . In summary, it can be concluded that the increase of Nc increases the local heat transfer coefficient of natural convection (h x ) for very high values of variable thermal conductivity parameter.
CONCLUSIONS
A combined similarity and numerical approach is adopted to theoretically investigate the effect of variable viscosity and thermal conductivity parameters on the natural convection heat transfer from a vertical plate embedded in a porous medium saturated with a nanofluid. In the modeling of nanofluid, the dynamic effects of nanoparticles, thermophoresis and Brownian motion, have been taken into account. Considering six different types of nanofluids, the practical range of nanofluid parameters has been revealed. The effects of variable viscosity and thermal conductivity parameters on the velocity, temperature and concentration profiles, as well as reduced Nusselt and Sherwood numbers, are analyzed. The results of present study can be summarized as follows: 1. The physical range of nanofluid parameters, which has been used by many of previous researchers, is not in good agreement with the practical range of these parameters. 2. Using practical range of non-dimensional parameters demonstrate that the heat transfer associated with migration of nanoparticles is negligible compared with heat transfer associated with conduction and convection. Therefore, contrary to what is commonly stated in the literatures, the nanoparticles indeed affect convective heat transfer in the nanofluids only by affecting the thermo-physical properties. However, the thermal conductivity and viscosity are strongly dependent on the concentration of nanoparticles. Therefore, the concentration gradient can significantly influence the local values of thermal conductivity and viscosity. 3. Increase of variable viscosity parameter increases the velocity profiles whereas decreases the concentration profiles. Moreover, variation of viscosity parameter does not show significant effect on the temperature profiles. 4. As variable viscosity parameter increases, the magnitude of reduced Nusselt and Sherwood numbers would also increase. 5. Increase of variable thermal conductivity parameter increases the velocity and temperature profiles, but it does not show significant effect on the concentration profiles. 6. Increasing the variable thermal conductivity parameter decreases the reduced Nusselt number whereas increases the reduced Sherwood number. In summary, it can be concluded that the concentration gradient of nanoparticles (because of thermophoresis and Brownian motion forces) affects the local viscosity and thermal conductivity of nanofluids and consequently heat transfer of nanofluids. Hence, the advantage and disadvantage of these effects should be considered in future engineering designs. Some new experimental tests also are needed.
ACKNOWLEDGMENTS
The authors are grateful to Shahid Chamran University of Ahvaz for its crucial support.
NOMENCLATURES

D B Brownian diffusion coefficient
D T thermophoretic diffusion coefficient f
